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(57) A system (1 0) for detecting motion and proxim- 
ity by determining capacitance between a sensor (50) 
and an object (1 2). The sensor includes sensing surfac- 
es (52) made of a thin film of electrically conductive ma- 
terial (56) mounted on a non-conductive surface. In an- 
other embodiment, the sensor is a human body. The 



sensor senses the capacitance between a sensor's sur- 
face and an object in its vicinity and provides the capac- 
itance to a control system (18) that directs machine 
movement. Because the sensor does not require direct 
contact or line-of-sight with the object, a machine can 
be controlled before harm occurs to the object. 
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Description 

[0001] This invention relates generally to devices 
used to provide safety for humans in proximity with mov- 
ing equipment, and more specifically to motion and 5 
proximity sensors employed as part of a control system 
to orient equipment based on capacitance. 
[0002] Safety is important when people are close to 
moving machines. One such example is locally control- 
led machines or robotic equipment where people are in 10 
close proximity to moving mechanical components. An- 
other example is in the medical imaging equipment in- 
dustry. 

[0003] In known systems, conventional safety mech- 
anisms such as mechanical switches and fluid-filled is 
bladders connected to pressure switches are typically 
mounted directly to the moving mechanical compo- 
nents, or in proximity of the hazardous area. These con- 
ventional safety mechanisms require direct contact be- 
tween the person or inanimate object and the safety 20 
mechanism to operate. For example, the fluid-filled 
bladder mounted to a moving mechanical component 
uses a pressure sensor or a pressure switch inside the 
bladder to detect increased pressure as the bladder 
makes contact with an object. The sensed pressure in- 25 
crease typically is an input to a control system which 
stops the moving mechanical component. 
[0004] In other known systems, plates, levers, cables, 
and rings are connected to mechanical switches and 
mounted on the moving mechanical component. The 30 
switches are activated when the plate, lever, cables, or 
ring contacts the person or object, and the machine is 
stopped before any harm occurs. 
[0005] Disadvantages of the above described sys- 
tems include expense (fluid-filled bladders) and the fact 35 
that the sensing area is highly localized (mechanical 
switches). Such devices are typically ON or OFF and 
therefore provide no information to the control system 
regarding relative distance between the subject and the 
sensor. *o 
[0006] Other types of non-contact proximity sensing 
are known. For example, optical, infrared, and ultrasonic 
sensors have been employed in proximity sensing sys- 
tems. The drawback to those systems is that an unob- 
structed line-of -sight between the detector and the sub- 45 
ject is required. As applied to medical imaging equip- 
ment, required sterile covers and drapes preclude use 
of line-of-sight proximity detector systems. Depending 
on the implementation specifics, these sensors are also 
highly directional and impacted by object properties so 
such as reflectivity and specularity, which further limits 
their applicability. 

[0007] In the listed examples, safety cannot be en- 
hanced, nor injury prevented simply by increasing the 
distances between man and machine because each ex- 55 
ample requires close proximity between man and ma- 
chine. It would therefore be desirable to provide a sys- 
tem whereby proximity and relative distance to a person 



or an object can be sensed and the information regard- 
ing proximity and distance used to control movement 
and prevent contact with the person or object and there- 
by increase the safety of such a system. 
[0008] In one aspect, the present invention relates to 
a method and system for detecting motion using a ca- 
pacitance between a sensor and an object. Alternative- 
ly, the invention detects proximity of an object using the 
capacitance between a sensor and the object. In an ex- 
emplary embodiment, a capacitance based proximity 
sensor is used as a detector. The sensor includes sens- 
ing surfaces made of a thin film of electrically conductive 
material mounted on a non-conductive surface. The 
non-conductive surface can take any shape and form. 
The sensor senses the capacitance between a conduc- 
tive surface and an object placed in its vicinity, and the 
sensor provides a capacitance value to a control sys- 
tem. The control system is programmed to use the ca- 
pacitance data to control the movement of a machine or 
piece of equipment. In one embodiment, the piece of 
equipment is a medical imaging system. 
[0009] In another embodiment, the sensing surface is 
a human body. A relative capacitance between the hu- 
man body and surrounding objects is determined. 
[001 0] The control system uses the capacitance infor- 
mation to determine a position of the body and proximity 
of objects near the body to control movement of a ma- 
chine or piece of equipment. 

[001 1 ] Accordingly, because the sensor can take any 
size and shape, and does not require direct contact or 
line-of-sight with the object to determine if an object has 
moved, a machine or piece of equipment can be con- 
trolled before harm occurs to the object. 
[001 2] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Figure 1 is a diagram showing a system for detect- 
ing capacitance change based upon movement; 

Figure 2 is a diagram showing an alternative system 
for detecting capacitance based upon movement; 

Figure 3 is a diagram showing one embodiment of 
a capacitance based proximity sensor; 

Figure 4 is a diagram showing an alternative em- 
bodiment of a capacitance based proximity sensor; 

Figure 5 is a diagram of a third embodiment of a 
capacitance based proximity sensor; 

Figure 6 is a diagram of a fourth embodiment of a 
capacitance based proximity sensor; 

Figure 7 is a diagram of a sensing field for a capac- 
itance based proximity sensor; 
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Figure 8 is a diagram of a sensing field for a capac- 
itance based proximity sensor shaped by sensor 
surface geometry; 

Figure 9 is a diagram of a medical imaging system 
using capacitive based proximity sensors; and 

Figure 1 0 is an illustration of an irregularly shaped 
apparatus with an outer surface covered with sens- 
ing material. 

[001 3] Figure 1 is a diagram showing a system 1 0 for 
detecting capacitance change based upon movement 
of, or proximity to, an object 12. Object 12 is connected 
to a capacitance sensing circuit 14 via a conductive 
strap 16. Sensing circuit 14 senses capacitance and 
supplies data relating to the measured capacitance to 
control system 18. Object 12 is on a surface 20 which 
includes a non-conductive surface 22 such as a film or 
mat placed upon a conductive surface 24. Control sys- 
tem 1 8 is programmed to use the measured capacitance 
data to control movement of component 26 in both hor- 
izontal and vertical axes via a motor 28. Component 26 
in one embodiment is a radiation source. Component 26 
in an alternative embodiment is a detector. Component 
26 in a further alternate embodiment is a sensor. Com- 
ponent 26 in a still further embodiment is a nuclear med- 
icine imaging source. Component 26 in another embod- 
iment is a laser source. Component 26 in yet another 
embodiment is a component of a medical system, e.g., 
computer aided tomography (CAT), magnetic reso- 
nance imaging (MR!), computed tomography (CT), dig- 
ital fluoroscopy, positron emission tomography (PET), 
positron emission transaxial tomography (PETT), and 
mammography. 

[0014] The amount of capacitance sensed by circuit 
14 changes as object 12 moves. In another embodi- 
ment, the capacitance sensed also changes as a prox- 
imity of object 12 changes with respect to component 
26. The change in capacitance is received by control 
system 18 which in turn causes changes in predeter- 
mined movement of component 26 such that the trajec- 
tory of object 26 is optimized for a procedure being per- 
formed. An ability to detect unexpected motion of object 
12 provides control system 1 8 or an operator of control 
system 18 with a signal to slow or stop movement of 
component 26 to prevent injury to object 1 2 or damage 
to the above described equipment. Capacitance sens- 
ing circuit 14 is capable of measuring small changes 
(15-30 femtoFarads) in capacitance. Since an object 12 
changes capacitance as object 12 moves, raising of 
arms, crossing of legs, finger wiggling, toe wiggling, and 
torso motion are all detectable. 
[0015] Capacitance sensing circuit 14 uses charge 
transfer technology to measure the capacitance of ob- 
ject 12 connected to circuit 14. Conductive strap 16 is 
used, along with circuit 14 to measure an effective nom- 
inal capacitance of object 1 2. Capacitance sensing cir- 



cuit 1 4 is manually or automatically re-calibrated for new 
nominal capacitive loads, such as, for example a differ- 
ent object 12. The re-calibration process changes the 
nominal capacitance about which small changes, such 
5 as the movement of object 1 2 described above, are de- 
tected. Re-calibration allows system 10 to accommo- 
date objects 1 2 of different sizes, shapes, clothing, and 
body hair, for example. Re-calibration also can take into 
account the environment object 12 is placed, such as 
io temperature and relative humidity. 

[0016] Figure 2 shows an alternative embodiment to 
the system shown in Figure 1 employing an alternative 
method for the measurement of capacitance. Non-con- 
ductive surface 22 and conductive surface 24 are as de- 
15 scribed above, however, a conductive mat 40 is placed 
on top of non-conductive surface 22 and is electrically 
connected to capacitive sensing circuit 14. The meas- 
ured capacitance is based upon an amount of object 12 
actually touching conductive mat 40, as well as move- 
ment of object 1 2, such as raising of arms, crossing of 
legs, finger wiggling, toe wiggling, and torso motion. For 
instance, the measured capacitance of a human body 
laying supine on mat 40 will be greater than the meas- 
ured capacitance of a human body laying supine on mat 
40 with both legs bent and the soles of the feet resting 
flat on mat 40. As object 1 2 moves and less of the body 
is touching mat 40, the measured capacitance will de- 
crease. The larger the surface area touching mat 40, the 
higher the capacitance. 

[0017] The embodiments shown in Figures 1 and 2 
demonstrate, for example, how a human body, can be 
used as a detector for a capacitive sensing circuit. 
Measured capacitance depends on the location of ob- 
jects relative to the body, and other objects or persons 
near the subject being used as a detector can be de- 
tected. Using a subject as a detector may be ideal when 
there is the potential for a number of moving compo- 
nents to make contact with the subject, a sensor being 
installed on every moving component being unfeasible. 
[0018] Figure 3 is a diagram showing one embodi- 
ment of a capacitance based proximity sensor 50 used 
in systems where the subject is not used as the detector. 
Sensor 50 includes a sensing surface 52 which is made 
of a thin film of conducting material mounted on a front 
side 54 of non-conductive backing material 56. A back- 
ing surface 58 of electrically grounded thin film conduct- 
ing material mounted on a back side 60 of non-conduc- 
tive backing material 56 completes the sensor. As stated 
above, backing surface 58 is connected to an electrical 
ground 62. Sensing surface 52 is electrically connected 
to a capacitive sensing circuit 64 and as shown in Figure 
3, may be configured to be of a size smaller in surface 
area than that of backing material 56. 
[0019] Figure 4 is a diagram showing an alternative 
embodiment of a capacitance based proximity sensor 
70. Sensor 70 is cylindrically shaped and consists of 
sensing surfaces 72, 74 and 76 of the thin film electri- 
cally conductive material. Sensing surface 72 covers an 
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outer surface of sensor 70 and sensing surfaces 74 and 
76 cover end surfaces of the cylinder, a top surface and 
a bottom surface respectively. Non-conductive backing 
material 78 is the "body" of the cylinder, giving sensor 
70 strength and a surface for the mounting of surfaces 
72, 74 and 76 which are electrically connected to a ca- 
pacitive sensing circuit. A backing surface (not shown) 
is electrically connected to ground. In another embodi- 
ment, the backing surface is not utilized by sensor 70. 
[0020] Figure 5 is a diagram of one embodiment of a 
proximity sensor 90 configured to shape the sensing 
field. Sensor 90, in the embodiment shown in Figure 5 
consists of an outer sensing surface 92, a central sens- 
ing surface 94, and an inner sensing surface 96. Outer 
sensing surface 92, central sensing surface 94 and in- 
ner sensing surface 96 are electrically connected with 
conductive strips 98 to form an electrically continuous 
circuit and are mounted on non-conductive backing ma- 
terial 100. In one exemplary embodiment, sensor 90 has 
sensing surface dimensions where inner sensing sur- 
face 96 has a dimension of 3 cm x 3 cm, a space of 3 
cm separates inner sensing surface 96 from an inner 
circumference 102 of central sensing surface 94 which 
is 3 cm wide. Another 3 cm gap in sensing material sep- 
arates an outer circumference 104 of central sensing 
surface 94 from an inner circumference 106 of outer 
sensing surface 92. Outer sensing surface 92 is 3 cm in 
width. In the exemplary embodiment, backing material 
100 is fabricated from mylar, which is virtually invisible 
to x-ray radiation. The thickness of the mylar backing 
depends on mechanical strength requirements of an ap- 
plication. The sensing surfaces of sensor 90 are variable 
in size and in number in order to shape the sensing field 
of sensor 90 and are connected to a capacitive sensing 
circuit 108. In the exemplary embodiment, sensing sur- 
faces 92, 94 and 96 of sensor 90 are fabricated from 3 
urn thick aluminum foil and bonded to the mylar. In an- 
other embodiment, aluminum plates are bonded to the 
mylar. To be invisible to a vascular spectrum, surfaces 
92, 94 and 96 are fabricated from aluminum foil/plates 
less than 5 um in thickness. In a further embodiment, 
sensing surfaces 92, 94 and 96 are fabricated from cop- 
per. In a still further embodiment, sensing surfaces 92, 
94 and 96 are fabricated from tin. 
[0021] Figure 6 is a diagram of an alternative circular 
embodiment of a proximity sensor configured to shape 
the sensing field. Sensor 1 1 0, in the embodiment shown 
in Figure 6 consists of an outer sensing surface 112, a 
central sensing surface 114, and an inner sensing sur- 
face 1 1 6. Outer sensing surface 1 1 2 and central sensing 
surface 114 are ring shaped. Inner sensing surface 116 
is circularly shaped. Outer sensing surface 112, central 
sensing surface 114, and inner sensing surface 116 are 
electrically connected with conductive strips 1 1 8 to form 
an electrically continuous circuit and are mounted on 
non-conductive backing material 120. In one exemplary 
embodiment, sensor 110 has sensing surface dimen- 
sions where inner sensing surface 116 has a diameter 



of 3 cm. A ring shaped space 1 22 that is 3 cm wide sep- 
arates inner circular sensing surface 116 from central 
sensing surface 114. Central circular sensing surface 
114 has a inner ring 124 and an outer ring 126. Inner 

5 ring 1 24 has a diameter of 9 cm and outer ring 1 26 has 
a diameter of 1 2 cm, such that central sensing surface 
1 1 4 has a sensor ring area of 3 cm in diameter. Another 
3 cm wide ring shaped space 128 in sensing material 
separates central sensing surface 114 from outer sens- 

10 ing surface 1 1 2. Outer sensing surface 1 1 2 has an inner 
ring 130 and an outer ring 132. Inner ring 130 has a di- 
ameter of 21 cm and outer ring 132 has a diameter of 
27 cm, such that outer sensing surface 1 1 2 has a sensor 
ring area of 3 cm in diameter. In the exemplary embod- 

'5 iment, backing material 120 is fabricated from mylar, 
which is virtually invisible to x-ray radiation. The thick- 
ness of the mylar backing depends on mechanical 
strength requirements of an application. The sensing 
surfaces of sensor 110 are variable in size and in 

20 number in order to shape the sensing field of sensor 1 1 0 
and are connected to a capacitive sensing circuit 1 33. 
In the exemplary embodiment, sensing surfaces 112, 
1 1 4 and 1 1 6 of sensor 1 1 0 are fabricated from 3 um thick 
aluminum foil and bonded to the mylar. In another em- 

25 bodiment, aluminum plates are bonded to the mylar. To 
be invisible to a vascular spectrum, surfaces 112, 114 
and 116 are fabricated from aluminum foil/plates less 
than 5 um in thickness. In a further embodiment, sensing 
surfaces 112, 114 and 116 are fabricated from copper. 

30 in a still further embodiment, sensing surfaces 112,114 
and 116 are fabricated from tin. 
[0022] Figure 7 is a diagram 1 34 of a sensing field for 
a capacitance based proximity sensor where no shaping 
has been employed, for example, where the sensing 

35 surface is a solid rectangular or square thin-film conduc- 
tor. Such a sensor is able to detect capacitive changes 
omni-directionally. The sensor which produces the type 
of field shown in Figure 7 is more sensitive to objects 
which approach the sensor along an x = 0 axis 1 36 and 

40 less sensitive to objects approaching along a y = 0 axis 
1 38. Objects moving along axis 1 36 are detected more 
quickly and from a farther distance. This non-uniform 
sensitivity is not particularly desirable. 
[0023] Figure 8 is a diagram of a sensing field 140 

45 where the sensing surface has been shaped using sen- 
sor 90, as described above and shown in Figure 5. In 
one embodiment, annular surfaces 92, 94, and 96 are 
optimized to flatten the field at a 5 cm distance. The field 
shown is more uniform compared to the field shown in 

so Figure 8, and is illustrative of an ability to customize field 
shaping by using segmented sensing surfaces. The cir- 
cular construction used for field shaping can be extend- 
ed to circular and cylindrical geometries (shown in Fig- 
ure 6). 

55 [0024] Figure 9 is a diagram of a medical imaging sys- 
tem 1 60 using capacitive based proximity sensors 1 62 
electrically connected to capacitive sensing circuits 1 64. 
Capacitive sensors 162 also provide a non-contact 
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method of measuring the relative capacitance of a hu- 
man body covered in paper, plastic and clothing. Circuits 
164 provide data to a control system 166 regarding po- 
sition and orientation of component 168 relative to 170. 
Component 168 in one embodiment is a radiation 
source. Component 168 in an alternative embodiment 
is a detector. Component 168 in a further alternate em- 
bodiment is a sensor. Component 1 68 in a still further 
embodiment is a nuclear medicine imaging source. 
Component 1 68 in another embodiment is a laser 
source. Component 168 in yet another embodiment is 
a component of a medical system, e.g., computer aided 
tomography (CAT), magnetic resonance imaging (MRI), 
computed tomography (CT), digital fluoroscopy, posi- 
tron emission tomography (PET), positron emission 
transaxial tomography (PETT), and mammography Al- 
though not shown in the figure, system 166 controls el- 
evation, longitudinal movement and horizontal orienta- 
tion of component 168. By using a capacitive based 
proximity approach, system 1 66 is configurable to follow 
the contours of an object, such as a body 170. System 
1 66 can then be programmed to optimize the trajectory 
of component 168 relative to the object 170. In an ex- 
emplary embodiment, system 166 reduces exposures 
to radiation to body 170 compared to known systems, 
which either do not change the radiation source, detec- 
tor elevations, or employ sensing devices, and which re- 
quire a touching of body 170 before a control system 
adjusts movement of component 168. 
[0025] Figure 10 is an illustration of an irregularly 
shaped apparatus 1 80 with an outer surface 1 82 cov- 
ered with sensing material 184. Sensing material 184 is 
fabricated from a thin-film conducting material, e.g., alu- 
minum, copper or tin. In an exemplary embodiment, 
thin-film sheets of copper foil are joined together with 
conductive epoxy 186. In one embodiment, the copper 
foil is 25um in thickness. In an alternative embodiment, 
the thin-film sheets are fabricated by "spray depositing" 
a film of conductive material, e.g., tin, to a backing sur- 
face. Sensing material 184 is bonded to a backing sur- 
face (not shown). In an alternative embodiment, appa- 
ratus 1 80 is configured to take any form and shape and 
is not limited to a certain size range. In addition, sensing 
material 1 84 is electrically coupled to a capacitive sens- 
ing circuit (not shown). Apparatus 180 has one sensing 
zone 1 88. In an alternative embodiment, sensing mate- 
rial 1 84 has a plurality of sensing zones 1 88. Sensing 
zone 188 is capable of measuring changes in capaci- 
tance, e.g., 15-30 femtoFarads. In one embodiment, 
sensing zone 1 88 is optimized for detecting predeter- 
mined objects at a specified distance. In an alternative 
embodiment, apparatus 1 80 includes a plurality of sens- 
ing zones, each sensing zone optimized to detect a pre- 
determined object at a specified distance. 
[0026] For the sake of good order, various aspects of 
the invention are set out in the following clauses:- 

1 . A method for detecting motion of an object using 



a capacitance based sensing and control system, 
said method comprising the steps of: 

sensing a presence of the object based on 
5 measured capacitance between a sensor and 

the object; 

sensing a change in capacitance of the object; 
and 

adjusting operation of the control system based 
10 upon said sensed capacitance change. 

2. A method according to Clause 1 wherein said 
step of sensing a presence of the object further 
comprises the step of measuring charge transfer to 

15 determine the relative capacitance of the object. 

3. A method according to Clause 1 further compris- 
ing the step of re-calibrating the control system 
when at least one of a new, nominal capacitive load 

20 is detected and at a user's discretion. 

4. A method according to Clause 1 wherein said 
step of sensing a change in capacitance further 
comprises the step of sensing changes in the ge- 

25 ometry of the object. 

5. A method according to Clause 1 wherein said 
step of sensing a change in capacitance further 
comprises the step of sensing proximity of the ob- 

30 ject to other objects. 

6. A method in accordance with Clause 1 wherein 
the sensor is a human body. 

35 7. A capacitance based proximity sensor compris- 
ing: 

a sensing surface of thin film conducting mate- 
rial; and 

40 a non-conducting backing material comprising 

a front side and a back side, said sensing sur- 
face mounted on said front side. 

8. A sensor according to Clause 7 wherein said sen- 
45 sor further comprises an optional backing surface 
of conducting material upon which said back side 
of said non-conducting backing material is mount- 
ed. 

50 9. A sensor according to Clause 7 wherein said 
sensing surface is electrically coupled to a capaci- 
tance sensing circuit. 

10. A sensor according to Clause 8 wherein said 
55 optional backing surface is electrically coupled to a 

circuit ground. 

1 1 . A sensor according to Clause 7 wherein said 
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sensor is configured to be cylindrical^ shaped. 

12. A sensor according to Clause 11 wherein said 
sensing material is configured to cover an outer sur- 
face and both end surfaces of the cylinder. 5 

13. A sensor according to Clause 7 wherein said 
sensor is rectangularly shaped. 

14. A sensor according to Clause 1 3 wherein said 10 
sensing surface is configured to be of a smaller sur- 
face area than said backing material. 

15. A sensor according to Clause 13 wherein said 
rectangularly shaped sensor is approximately 20 is 
cm in both length and width. 

16. A sensor according to Clause 13 wherein said 
sensing surface comprises a plurality of electrically 
connected rectangular shaped conductors, said 20 
rectangular conductors each having an inner di- 
mension and an outer dimension. 

17. A sensor according to Clause 16 comprising 
three rectangular shaped conductors. 25 

1 8. A sensor according to Clause 17 wherein a first 
rectangularly shaped conductor comprises an inner 
dimension of 0 cm and an outer dimension of 1 .5 
cm, a second rectangularly shaped conductor com- 30 
prises an inner dimension of 4.5 cm and an outer 
dimension of 7.5 cm, and a third rectangularly 
shaped conductor comprises an inner dimension of 
10.5 cm and an outer dimension of 14.75 cm. 

35 

19. A sensor according to Clause 7 wherein said 
sensor is circularly shaped. 

20. A sensor according to Clause 19 wherein said 
sensing surface is configured to be of a smaller sur- *o 
face area than said backing material. 

21 . A sensor according to Clause 1 9 wherein said 
circularly shaped sensor is approximately 21 cm in 
diameter. 45 

22. A sensor according to Clause 1 9 wherein said 
sensing surface comprises a plurality of electrically 
connected circularly shaped conductors, said circu- 
lar conductors each having an inner dimension and 50 
an outer dimension. 

23. A sensor according to Clause 22 comprising 
three circular shaped conductors. 

55 

24. A sensor according to Clause 23 wherein a first 
circularly shaped conductor comprises a diameter 
of 3 cm, a second ring shaped conductor comprises 



an inner diameter of 9 cm and an outer diameter of 
1 5 cm, and a third ring shaped conductor comprises 
an inner diameter of 21 cm and an outer diameter 
of 27 cm. 

25. A sensor according to Clause 7 wherein said 
sensor is irregularly shaped. 

26. A sensor according to Clause 25 wherein said 
sensing surface is configured to be of a smaller sur- 
face area than said backing material. 

27. A sensor according to Clause 25 wherein said 
irregularly shaped sensor is approximately 21 cm in 
length and width. 

28. A sensor according to Clause 25 wherein said 
sensing surface comprises a plurality of electrically 
connected irregularly shaped conductors, said ir- 
regularly shaped conductors each having an inner 
dimension and an outer dimension. 

29. A sensor according to Clause 28 comprising 
three irregularly shaped conductors. 

30. A sensor according to Clause 29 wherein a first 
irregularly shaped conductor comprises a length 
and width of 3 cm, a second irregularly ring shaped 
conductor comprises an inner length and width of 9 
cm and an outer length and width of 15 cm, and a 
third irregularly ring shaped conductor comprises 
an inner length and width of 21 cm and an outer 
length and width of 27 cm. 

31 . A medical imaging system comprising 

a radiation source further comprising at least 
one capacitance based proximity sensor; 
a capacitive sensing circuit; and 
a control system configured to control position- 
ing of said x-ray source and proximity sensor. 

32. A system in accordance with Clause 31 wherein 
said control system configured to orient said radia- 
tion source in at least one of a horizontal and a ver- 
tical direction. 

33. A system in accordance with Clause 31 wherein 
said proximity sensor configured to measure capac- 
itance of an object. 

34. A system in accordance with Clause 31 wherein 
said proximity sensor configured to measure capac- 
itance of an object, when said object is in direct con- 
tact with said sensor. 

35. A system in accordance with Clause 31 wherein 
said proximity sensor configured to measure capac- 
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itance of an object, when said object is in proximity 
of said sensor. 

36. A system in accordance with Clause 31 wherein 

an object is a human body said proximity sensor 5 
configured to measure changes in capacitance as 
said sensor follows the human body contour. 

37. A system in accordance with Clause 31 wherein 
said proximity sensor configured to measure io 
changes in capacitance of an object, when said ob- 
ject moves. 

38. A system in accordance with Clause 37 wherein 

an object is a human body said human body such 15 
that said sensor detects movement of a raised arm, 
a crossed leg, a finger wiggling, a toe wiggling, and 
torso motion. 

39. A system in accordance with Clause 31 wherein 20 
said proximity sensor configured to detect capaci- 
tive changes omni-directionally. 

40. A system in accordance with Clause 31 wherein 
said proximity sensor configured to be re-calibrated 25 
based on at least one of a size, a shape, and a ef- 
fective sensing surface of an object. 

41 . A system in accordance with Clause 31 wherein 
said proximity sensor configured to be re-calibrated 30 
based on at least one of a temperature and a rela- 
tive humidity of an environment in which an object 

is placed. 

42. A system in accordance with Clause 31 wherein 35 
said capacitive sensing circuit configured to use 
charge transfer technology. 

43. A system in accordance with Clause 31 wherein 
said capacitive sensing circuit configured to sense *o 
changes in capacitance of at least 15 femtoFarads. 

44. A system in accordance with Clause 31 wherein 
an object is a human body said capacitive sensing 
circuit configured to sense capacitive changes to 45 
said human body, when said human body is cov- 
ered with at least one of paper, plastic, and clothing. 

45. An apparatus comprising: 

50 

a sensing surface of thin film conducting mate- 
rial; 

a non-conducting backing material comprising 
a front side and a back side, and 
said sensing surface mounted on said non-con- 55 
ducting backing. 

46. An apparatus in accordance with Clause 45 



wherein said apparatus configured to be at least 
one of a sensor and a detector. 

47. An apparatus in accordance with Clause 45 
wherein said sensing surface is electrically coupled 
to a capacitive sensing circuit. 

48. An apparatus in accordance with Clause 47 
wherein said capacitive sensing circuit configured 
to measure a nominal capacitance at least up to 
2500 pF. 

49. An apparatus in accordance with Clause 45 
wherein said backing surface is electrically coupled 
to a circuit ground. 

50. An apparatus in accordance with Clause 45 
wherein said apparatus is configured to be cylindri- 
cal^ shaped. 

51. An apparatus in accordance with Clause 45 
wherein said apparatus is configured to be an irreg- 
ular shape. 

52. An apparatus in accordance with Clause 51 
wherein said apparatus is configured to be an irreg- 
ular shape including a angled front side, a flat back 
side, an open top side, a convex first side, a convex 
second side offset from said first side. 

53. An apparatus in accordance with Clause 45 
wherein said sensing material is configured to cover 
an outer surface of said apparatus. 

54. An apparatus in accordance with Clause 45 
wherein said apparatus is configured to be rectan- 
gularly shaped. 

55. An apparatus in accordance with Clause 54 
wherein said sensing material is configured to be of 
a smaller surface area than said backing material. 

56. An apparatus in accordance with Clause 45 
wherein said sensing surface configured as a single 
sensing zone. 

57. An apparatus in accordance with Clause 56 
wherein said sensing zone configured to be electri- 
cally coupled to a capacitive sensing circuit. 

58. An apparatus in accordance with Clause 45 
wherein said sensing surface configured to have a 
plurality of sensing zones. 

59. An apparatus in accordance with Clause 58 
wherein said sensing zones configured to be elec- 
trically coupled to a capacitive sensing circuit. 
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60. An apparatus in accordance with Clause 58 
wherein said sensing zones configured to be 
spaced equidistant from one another. 

61. An apparatus in accordance with Clause 58 
wherein said sensing zones configured to partially 
cover an outer surface of said apparatus. 



Claims 

1 . A method for detecting motion of an object (1 2) us- 
ing a capacitance based sensing and control sys- 
tem (10), said method comprising the steps of: 

sensing a presence of the object based on 
measured capacitance between a sensor (50) 
and the object; 

sensing a change in capacitance of the object; 
and 

adjusting operation of the control system (18) 
based upon said sensed capacitance change. 



a capacitive sensing circuit (164); and 
a control system (1 66) configured to control po- 
sitioning of said x-ray source and proximity sen- 
sor. 

5 

8. A system (1 60) in accordance with Claim 7 wherein 
said control system (1 66) configured to orient said 
radiation source (1 68) in at least one of a horizontal 
and a vertical direction. 

w 

9. An apparatus (180) comprising: 

a sensing surface of thin film conducting mate- 
rial (184); 

15 a non-conducting backing material comprising 

a front side and a back side, and 
said sensing surface mounted on said non-con- 
ducting backing. 

20 10. An apparatus (180) in accordance with Claim 9 
wherein said apparatus configured to be at least 
one of a sensor and a detector. 



2. A method according to Claim 1 wherein said step 
of sensing a presence of the object (12) further com- 25 
prises the step of measuring charge transfer to de- 
termine the relative capacitance of the object. 



3. A method according to Claim 1 or 2 further compris- 
ing the step of recalibrating the control system (1 8) 30 
when at least one of a new, nominal capacitive load 
is detected and at a user's discretion. 



4. A capacitance based proximity sensor (50) com- 
prising: 35 

a sensing surface (52) of thin film conducting 
material; and 

a non-conducting backing material (56) com- 
prising a front side (54) and a back side (60), *o 
said sensing surface mounted on said front 
side. 



5. A sensor (50) according to Claim 4 wherein said 
sensor further comprises an optional backing sur- 45 
face (58) of conducting material (56) upon which 
said back side (60) of said non-conducting backing 
material is mounted. 



6. A sensor (50) according to Claim 4 or 5 wherein said 50 
sensing surface (52) is electrically coupled to a ca- 
pacitance sensing circuit (64). 



7. A medical imaging system (1 60) comprising 

55 

a radiation source (168) further comprising at 
least one capacitance based proximity sensor 
(162); 
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